Abstract
. The rate and scale of lake degradation due to human activity necessitates urgent documentation of 48 the current state of Hydrachnidia, particularly in water bodies that have been little affected by human impact, with 49 relatively well-preserved fauna. These water bodies include lakes situated in protected areas. The data collected can 50 be used to determine the rate and direction of changes in the Hydrachnidia of lakes over multi-year periods and to 51 evaluate the degree of human impact on lake ecosystems.
52
Because of its substantial variety of vegetation, Lake Świdwie and its margins are an ideal location for investigating 53 the distribution and dynamics of Hydrachnidia in various types of mesohabitats. The main hypothesis of this study was 54 that in such a diverse system of water bodies and habitats we can expect to see a great diversity of Hydrachnidia fauna.
55
The main aim of the present work was to present an analysis of the water mite species composition in the Lake Świdwie 56 ecosystem at the macrohabitat and mesohabitat level. Additional objectives were as follows: (1) to valorize the water 57 mite fauna of this protected area and propose it as a reference ecosystem for this type of water body (shallow lakes); vegetation composed of different various types of rushes and underwater meadows (elodeids) forming separate patches 87 with diverse species composition (Bacieczko and Kowalski, 1993) .
89

Terms used
90
We use the term macrohabitat to mean 'a habitat of sufficient extent to present considerable variation of environment,
91
contain varied ecological niches, and support a large and usually complex flora and fauna' (Merriam-Webster 92 Dictionary). We use this term to refer to the basin of Lake Świdwie Wielkie (macrohabitat A), the basin of Lake
93
Świdwie Małe (macrohabitat B) and the Świdwie margins (macrohabitat C) (Figure 1 ).
94
The term mesohabitat refers to visually varied habitats that can be recognized subjectively by their physical similarity
95
(e.g. a sandbank or gravel bank or a particular plant community). This term introduces a dimension of scale and should 96 be distinguished from microhabitats (e.g. a leaf stem or the surface of a stone) and macrohabitats, e.g. entire fragments 97 of water bodies (Armitage and Prado, 1995 
122
Sampling Methods 123
The research was conducted at three times during the year: in May, July and October of 2010. 
129
The sampling sites were distributed so as to capture the full habitat diversity of the lake. 
140
The difference between the number of individuals caught in particular macro-and mesohabitats was calculated and 141 statistical significance was tested by the Kruskal-Wallis test. Similarities between the water mite fauna inhabiting between species composition and environmental variables. Detrended Correspondence Analysis (DCA) was used to 145 determine the structure of data and to select the next type of analysis to investigate the distribution of species with 146 respect to environmental variable correspondence analysis (Jongman et al., 1987) . The ln (n + 1) transformation of 147 species data was used in the DCA analyses. Each transformation used must lead to the presentation of the data in the 148 form of a normal distribution. In this case the transformation ln(n+1) fulfils this condition.
149
DCA analysis for the water mite species recorded in each habitat showed that the length of the gradient represented by 150 the first ordination axis was 5.961, which indicates that the species realizes the full Gauss spectrum, which in turn 151 made it possible to conduct direct ordination analyses of the CCA type in order to determine the relationships between 152 the occurrence of species and the environmental parameters (ter Braak, 1986; ter Braak and Verdonschot, 1995) . The 
157
Results
158
Analysis of the occurrence of Hydrachnidia in the macrohabitats
159
A total of 3,651 water mite individuals (3,109 adults and 542 deutonymphs) were collected, belonging to 73 species 160 (Table 1) . Among the water mites collected 1,726 individuals belonging to 49 species were caught in Lake Świdwie
161
Wielkie (macrohabitat A), 909 individuals belonging to 39 species were caught in Lake Świdwie Małe (macrohabitat 162 B), and 1,016 individuals belonging to 53 species were collected in the water bodies at the margins of the reserve
163
(macrohabitat C) ( Table 1 ). The differences in the number of individuals caught in each macrohabitat were not 164 statistically significant: H(3, N=701)=0.8835202 (p=0.8294). The differences in the abundance of water mites caught 165 at particular sites were also statistically insignificant: H(24, N=701)=29.09680 (p=0.2165).
166
On the dendrogram of similarities between macrohabitats, a cluster grouping the lakes Świdwie Wielkie and Świdwie
167
Małe can be seen (Figure 2 ). The similarity between the fauna of these two water bodies was 49.7%. The Hydrachnidia 168 fauna of the water bodies in the margins of Lake Świdwie was distinct from that of the lakes.
169
One indicator species of mesotrophy was recorded in the material collected, Piona paucipora, but its quantitative share 170 was negligible (0.1%). The group of indicator species of moderate eutrophy comprised Oxus musculus, Unionicola and accounted for only 0.2% of all the fauna (Table 1) .
The most numerous group in the fauna of the Reserve was small water body species -the contribution of the 28 species 179 from this synecological group was 44.3% of the material collected (Figure 3) . The share of lake species was also 180 substantial (37.5%, 18 spp.). The share of vernal species was markedly lower (13.8%, 18 spp.), and the least numerous 181 group was the tyrphobiontic and tyrphophilous species (4.4%, 9 spp.). In Świdwie Wielkie lake species were dominant 182 (53.9%, 14 spp.), with a substantial share of small water body species (41.0%, 23 spp.). In Lake Świdwie Małe clear 183 dominance of small water body species was observed (70.2%, 23 spp.). Considerably fewer lake water mites were 184 caught in this lake (25.7%, 11 spp.). In the lake margins the most abundant synecological element was species 185 associated with vernal astatic water bodies (44.5%, 17 sp.). Small water body species were quite abundant as well
186
(29.9%, 17 spp.) (Figure 3 ).
187
The ratio of the number of individuals belonging to small water body species to the number of individuals belonging 188 to lake species was 1.31 in Lake Świdwie Wielkie and 0.36 in Lake Świdwie Małe. For the two lake basins combined 189 the ratio was 0.84.
191
Analysis of The Occurrence of Hydrachnidia in The Mesohabitats
192
The abundances of water mite fauna recorded in particular habitats were statistically significant: H(4, (Table 1) .
198
Two clusters can be observed in the faunal similarity between the mesohabitats (Figure 4 
204
In the ordination diagram illustrating the results of CCA, three groups of species can be seen ( Figure 5 ). Group 1 shows 205 the relationship between the species grouped here and the Ph-close mesohabitat. The species belonged to group 1 were 206 caught in the greatest numbers in the Ph-close mesohabitat or were found only in this mesohabitat ( 
Discussion 214
Over 200 water mite species have been recorded in the contemporary fauna of Polish lakes, of which about 50 in small numbers outside of lake environments (Biesiadka, 1987 (Biesiadka, , 2008 . The number of water mite species caught in 217 individual lakes of Poland is highly varied; from 3 to 96 species have been found in the lakes that have been studied 218 thus far (Pieczyński, 1976; Biesiadka, 1980 Biesiadka, , 1987 Biesiadka, , 2003 Kowalik, 1978; Zawal, 1992 Zawal, , 2007 Cichocka and Biesiadka, 219 1994; Cichocka, 2000 Cichocka, , 2005 Stryjecki, 2012; Zawal et al., 2013) . In other regions of Europe, the number of species 220 caught in lakes has ranged from 4 to 56 (Viets, 1979; Davids et al., 1994; Bagge, 1999; Di Sabatino et al., 2004; Baker 221 et al., 2008) . A large number of species is usually recorded in large, deep lakes in which all zones -littoral, sublittoral 222 and profundal -are well developed, enabling the development of rich and diverse Hydrachnidia (Kowalik, 1978;  223 Cichocka and Biesiadka, 1994; Biesiadka, 2003) . Lake Świdwie Wielkie is small and shallow, and the basin of Lake
224
Świdwie Małe is even smaller and shallower. Considering the small surface area of the lakes studied and the lack of 225 deep-water habitats, the 46 species noted in Lake Świdwie Wielkie and 36 in Lake Świdwie Małe (for a combined 226 total of 54 in the two basins of Lake Świdwie) should be regarded as rather high numbers.
227
Lake Świdwie Wielkie (macrohabitat A) and Lake Świdwie Małe (macrohabitat B) were grouped in one cluster,
228
whereas the fauna of the water bodies of the lake margins (macrohabitat C) was clearly distinct from that of the lakes.
229
The faunal similarity between the two basins of the lake is obvious, as these are water bodies of the same type, situated 
250
The most numerous synecological groups in lakes are small water body species and lake species. The proportions 251 between these two groups may vary, but usually small water body species are dominant (Kowalik, 1978; Biesiadka, 252 1980; Biesiadka and Kowalik, 1991; Zawal, 1992; Cichocka and Biesiadka, 1994; Cichocka, 2000 Cichocka, , 2005 Stryjecki, 253 2012) . In the Hydrachnidia of the Świdwie Reserve the most numerous group was that of small water body species,
254
but there was also a large percentage of lake species. The quantitative proportions of each synecological group were 255 clearly linked to the limnological character of each of the water bodies. In Lake Świdwie Wielkie (macrohabitat A),
256
the larger lake, lake species were dominant, while in Lake Świdwie Małe (macrohabitat B), the smaller lake, small 257 water body species were dominant. In the lake margins (macrohabitat C), species associated with vernal astatic water 258 bodies were dominant, which was a consequence of the character of this habitat (the presence of numerous temporary 259 water bodies with well-developed astatic zones). Thus the structure of the Hydrachnidia communities in the various 260 water bodies resulted from the limnological character of the macrohabitats.
261
To determine the degree of degradation of a water body we can use an indicator based on the ratio of the number of 262 individuals belonging to small water body species to the number of individuals belonging to lake species (Cichocka 263 and Biesiadka, 1994; Cichocka, 2000 Cichocka, , 2005 . This indicator is related to the trophic state of lakes and their degree of 264 degradation. This indicator has been found to range from 0.15 to 4.8 in different Polish lakes (Cichocka and Biesiadka, 265 1994; Cichocka, 2000 Cichocka, , 2005 . The value of this indicator calculated for Lake Świdwie Wielkie indicates a very good 266 ecological status of this water body. In Lake Świdwie Małe this indicator had low value, but this does not indicate a 267 high trophic state or an advanced degree of degradation, but rather results from the limnological characteristics of this 268 lake basin (a small, shallow water body lacking deep-water habitats enabling the development of lake species). The 269 good ecological status of Lake Świdwie Wielkie is not only a consequence of its being protected as a reserve. Another 270 small, shallow, overgrown lake, Lake Drążynek, is also protected as a reserve, but it is highly eutrophic and its fauna 271 is very clearly dominated by small water body species (Zawal, 1992) . In both Lake Świdwie Wielkie and Lake
272
Drążynek the process of overgrowth is observed, but Lake Drążynek is at a much more advanced stage of succession,
273
which is evidenced by analysis of its bottom sediments and of its Hydrachnidia (Zawal, 1992; Konieczna and 274 Kowalewski, 2009) . Thus the considerable share of lake species in Lake Świdwie Wielkie may be due to a less 
282
The littoral is the zone of the lake with the greatest diversity of Hydrachnidia and the species composition in the littoral 283 is influenced by the spatial arrangement of habitats (Pieczyński, 1976; Biesiadka and Kowalik, 1991) . Thus it is 284 expedient to determine assemblages of species inhabiting particular mesohabitats present in the littoral zone. Two 285 clusters stand out in the faunal similarity between the mesohabitats of the Świdwie Reserve. The first cluster comprises 286 elodeid habitats. The similarity between the fauna of the elodeid mesohabitats can also be seen in the CCA diagram.
287
Despite the different plant species making up these mesohabitats (the Charophyta community and that of 288 Ceratophyllum and Myriophyllum), the fauna inhabiting those two mesohabitats was very similar. Thus the primary 289 factor grouping the fauna was the presence of underwater meadows with macrophytes, while the specific plant species 290 in the meadows was a secondary factor. The second cluster comprises two habitats within the rushes -Thelypteris-
291
Phragmites and Phragmites-Typha. As in the case of the underwater meadows, the similarity between the fauna 292 inhabiting mesohabitats Thel-Ph and Ph-Typh was the result of the similar structure of these mesohabitats, i.e. the 293 presence of rushes.
294
The Hydrachnidia of the Phragmites-Close mesohabitat (Ph-Close) was markedly distinct from other mesohabitats.
295
The faunal distinctness of the Ph-Close mesohabitat is a consequence of the completely different habitat conditions 296 prevailing there. Because some of the water bodies within the Ph-Close mesohabitat were temporary, a characteristic 297 component of the fauna caught here were species of the genera Hydryphantes, Parathyas and Tiphys, associated with 298 astatic water bodies (Smit and van der Hammen, 2000; Di Sabatino et al., 2010; Gerecke et al., 2016) . In this 299 mesohabitat the most individuals and the most species were caught and species diversity index was the highest. The 300 large number of species and individuals and the high biodiversity noted in the Ph-Close mesohabitat confirm the 301 observations of other authors that habitats with well-developed astatic zones are frequently inhabited by diverse and 302 often distinctive fauna, differing from that found in other habitats (Biesiadka, 1980; Zawal, 1992; Cichocka and 303 Biesiadka, 1994; Biesiadka, 2003 
403
macrohabitats (see Table 1 ), Total -the total material collected, 1-4 -synecological groups (1 -tyrphobionts and 404 tyrphophiles, 2 -vernal astatic water body 580 species, 3 -small water body species, 4 -lake species). 
